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always keep this in mind. In this pictorial essay, we will
focus on normal findings that may mimic pathology, along
with injuries common and unique to the pediatric population.
Traumatic injuries may arise secondary to acute trauma or
chronic athletic activities. Sports-related injuries are the most
frequent reason for emergency department visits for adoles-
cents [1] because more than 30 million children and
adolescents in the United States are estimated to participate
in organized sports.
A complete description of pediatric upper extremity
injuries cannot be addressed in this brief pictorial essay, and
so we focus on a few critical, challenging, or less-appreciated
injuries that might not be familiar to nonpediatric radiolo-
gists. The topics discussed include normal ossification
centres, overuse injuries, and acute trauma. Nonaccidental
injuries will not be discussed because it is beyond the scope
and intent of this article [2].
Radiographs are often the initial imaging modality of
choice to evaluate for traumatic injuries. The standard views
obtained are not dissimilar from those obtained for adults,
with the caveat that unossified bones are poorly evaluated
with radiographs. If there is clinical suspicion for injury in
the event of negative radiographs or unossified bones, then
ultrasound or magnetic resonance imaging (MRI) may be
considered. For example, if a supracondylar fracture of the
elbow is suspected in a child with an unossified distal* Address for correspondence: Joel A. Gross, MD, Emergency and
Trauma Radiology, Department of Radiology, Harborview Medical Center,
University of Washington, 325 Ninth Avenue, Box 359728, Seattle
Washington 98104, USA.
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evaluation.Shoulder
Normal ossification centres in the area of the pediatric
shoulder may mimic fractures. The proximal humeral physis
(Figure 1) and the normal coracoid physis (Figure 2) are
common regions to be mistaken for injury. The proximal
humeral physis has a characteristic undulated appearance,
sometimes referred to as an ‘‘inverted V.’’ Although the
‘‘inverted V’’ appearance is clearly identified as the physis
on external rotation views, incomplete overlap of the anterior
and posterior aspects of the physis on internal rotation may
simulate fracture (Figure 1). Comparison with the uninjured
shoulder, radiographed in a similar position, may help
confirm that the visualized lucency represents a normal
physis rather than an injury.
If there is clinical suspicion for a humeral head fracture in
the absence of epiphyseal ossification or if multiple ossifi-
cation centres are present, then ultrasound may be performed
to evaluate for Salter Harris injuries, joint effusion and/or
hemarthrosis, and dislocations. If expertise in pediatric
musculoskeletal (MSK) ultrasound is not available, then
MRI is another alternative.
A well-corticated transverse lucency at the base of the
coracoid process most often represents a normal physis
(Figure 2) and should not be mistaken for a fracture. With
radiography, this physis is best visualized on an axillary
shoulder view. A fracture through the unfused growth plate
(physis) at the base of the coracoid is an uncommon injury
seen most commonly in adolescents who have sustained
a violent collision to the anterior shoulder. More than half ofll rights reserved.
Figure 1. Normal proximal humeral physis in a 10-year-old girl. (A) In the anteroposterior and externally rotated positions, the normal physis has an inverted
V-shaped configuration in the coronal plane or a mediolateral orientation (arrows). (B) In internal rotation, this inverted V shape is oriented in the sagittal plane
or anteroposteriorly. The lateral portion of the physis (arrows) often projects inferiorly and is slightly wider than the medial portion (arrowheads), and may
simulate a fracture.
Figure 2. Normal coracoid physis. (A) Axillary view of the shoulder in an 11-year-old boy, showing a well-corticated transverse lucency at the base of the
coracoid process (arrows), which represents the normal physis. Axial (B) and sagittal (C) computed tomography images of an 11-year-old girl, revealing
a similar well-corticated lucency (arrows in B, C).
Figure 3. Little Leaguer shoulder in a 12-year-old male right-handed baseball pitcher. (A) An anteroposterior radiograph of the affected right shoulder,
demonstrating widening of the proximal humeral physis and cortical irregularity of the abutting metaphysis (arrows). (B) The normal left shoulder in the same
patient for comparison.
102 M. M. Thapa et al. / Canadian Association of Radiologists Journal 64 (2013) 101e107
Figure 4. Elbow ossification centres. (A, B) The normal elbow in a 10-year-old girl; a sketch (A) and corresponding anteroposterior radiograph (B). (C, D) The
normal elbow in a 12-year-old girl; a sketch (C) and corresponding frontal radiograph (D). C ¼ capitellum. COR ¼ coronoid process; E ¼ external (lateral)
epicondyle (which has not yet ossified in the 10-year-old girl but has ossified in the 12-year-old girl); I ¼ internal (medial) epicondyle; O ¼ olecranon; R ¼
radial head; RN ¼ radial neck; RT ¼ radial tuberosity (insertion site for biceps brachii); T ¼ trochlea; UT ¼ ulnar tuberosity (insertion site for brachialis).
Reproduced from Iyer et al. [8]. Reprinted with permission from the American Journal of Roentgenology.
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football players [3]. If injured, the coracoid physis will be
wider than the growth plate of the adjacent humeral head. It
may also be helpful to compare it with the contralateral
coracoid process.
The glenoid develops from 2 ossification centres.
composed of a superior 1/3 and inferior 2/3. The superior
ossification centre (also known as the subcoracoid portion)
forms the superior third of the glenoid and extends medially
to incorporate the lateral portion of the coracoid process
base. The inferior 2/3 is a rim of U-shaped epiphysis, similar
to the ring apophysis seen in pediatric vertebral bodies [4].
The inferior glenoid epiphysis typically fuses between the
ages of 11 and 16 years [5]. Occasionally, it can mimic
a displaced Bankart injury. The normal ossification centre
will appear as a smooth ‘‘rim’’ of bone along the inferiorFigure 5. Supracondylar humerus fracture in a 5-year-old girl. (A) Lateral elbow r
humeral fragment (arrow), and elevation of both anterior and posterior humeral
projection, exhibiting the transverse fracture plane (arrows).margin of the glenoid, whereas a displaced Bankart injury
will be more irregular in shape and size.
Little Leaguer shoulder is a chronic Salter Harris I injury
to the proximal physis of the humerus, seen most commonly
in the adolescent who throws, for example, pitchers, usually
between the ages of 11 and 16 years old [6] (Figure 3). On
radiography, it manifests as widening of the growth plate
with cortical irregularity of the adjacent metaphysis. If there
is uncertainty, then imaging of the contralateral humerus may
be helpful.
Elbow
Evaluation of the pediatric elbow can be challenging,
particularly because of the multiple ossification centres
(Figure 4). The 6 ossification centres in the area of the elbowadiograph, demonstrating posterior displacement and angulation of the distal
fat pads (arrowheads), which indicates a joint effusion. (B) Anteroposterior
Figure 6. Lateral condyle fractures in 3 patients. (A) Anteroposterior (AP) radiograph in a 5-year-old boy, revealing an oblique fracture plane (arrows) through
the distal humeral metaphysis. (B) Coronal dual echo steady-state image of the elbow in a 2-year-old girl, showing both the high-signal metaphyseal (arrows)
and low-signal cartilaginous (white arrowheads) components of this injury. Note the cartilaginous fracture line that passes medial to the ossified capitellum (c),
which renders this component radiographically occult but still is a Salter-Harris type IV injury. The low-signal, ossified, distal humeral metaphyseal component
of the fracture fragment is slightly displaced (black arrowhead). (C) AP radiograph in a 20-month-old girl, showing both distal humeral metaphyseal (arrows)
and capitellar (arrowhead) fracture lines.
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capitellum is first to ossify, followed by the radial head,
medial (internal) epicondyle, trochlea, olecranon, and lateral
(external) epicondyle, in that order. The mnemonic often
used to remember this fact is the acronym, CRITOE. In
addition, although not completely accurate, the odd numbers
beginning at 1 and ending with 11 roughly correspond to the
age in years when the ossification centres appear. For
example, the capitellum appears at approximately age 1 year;
the radial head at approximately age 3 years, and so forth.
In children, the most common elbow fracture is the supra-
condylar humeral fracture, which accounts for 50%-70%
of all fractures in the area of the elbow [7,8]. The mechanismFigure 7. Medial epicondylar injuries in 3 patients. (A) Anteroposterior (AP) ra
showing fragmentation of the inferior portion of the medial epicondyle (arrow), co
(arrowhead). (B) Coronal short tau inversion recovery image of an 11-year-old
oedema within the medial epicondyle (arrow). (C) AP radiograph in a 9-year-o
apophysis (arrow) with overlying soft-tissue swelling. Note the normal latera
Figure 7B is reproduced from Iyer et al. [8]. Reprinted with permission from thof injury is typically from a fall on an outstretched hand
(FOOSH). In the vast majority of injuries, there is hyper-
extension at the elbow with a posteriorly displaced and
angulated distal humeral fracture (Figure 5).
The lateral condylar fracture (Figure 6) is the second most
common elbow fracture and typically affects children
between 6 and 10 years of age. Most are Salter Harris IV
injuries, because they tend to involve the metaphysis and
epiphysis [8,9]. Unfortunately, the epiphyseal component of
this injury is often not yet ossified and only the component
extending to the metaphysis is visible. This may simulate
a Salter Harris II injury. When these injuries are identified, it
should be reported that they often represent a Salter Harrisdiograph in a 12 year-old male baseball pitcher with Little Leaguer elbow,
nsistent with chronic traction apophysitis. Note the normal lateral epicondyle
male baseball pitcher with Little Leaguer elbow, revealing diffuse marrow
ld girl with an acute medial epicondyle fracture exhibits distraction of the
l epicondyle (arrowhead), which features greater ossification than in (A).
e American Journal of Roentgenology.
Figure 8. Capitellar osteochondral lesion in a 14-year-old boy. (A) Sagittal short tau inversion recovery image, showing an osteochondral fragment (arrow) off
the anterior capitellum, with fluid underpinning the fragment (arrowhead), consistent with instability. (B) Postoperative anteroposterior radiograph after
fragment excision, demonstrating fixation with an allograft (arrow).
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condylar fractures. Fracture displacement of more than 2 mm
is usually treated with closed reduction and percutaneous
pinning [8,10].
Medial epicondylar injuries are the third most common
elbow fracture. They may be acute or chronic (Little Leaguer
elbow). Acute fractures usually manifest as an avulsion of
the medial epicondyle through the unfused growth plate and
typically affect children between the ages of 7 and 15 years
[8,9,11,12]. Little Leaguer elbow (medial epicondyle apo-
physitis) is another injury typically sustained by the throwing
adolescent athlete (Figure 7). Tremendous stress is applied to
the elbow joint because it is accelerated from acute flexion to
complete extension. In addition, pronation or supination may
also be applied. These actions can place additional tension onFigure 9. Panner disease in an 8-year-old girl. (A) An anteroposterior radiograph, r
for early osteonecrosis. (B) Coronal short tau inversion recovery image, illustratthe medial epicondyle. Radiographs are frequently normal
but may show displacement or fragmentation of the epi-
condyle, epicondylar overgrowth, or overlying soft-tissue
swelling [13,14].
Additional causes of elbow pain in the pediatric population
include an osteochondral lesion (OCL) (Figure 8) and Panner
disease (Figure 9). OCLs typically involve the capitellum but
may occasionally be seen in the trochlea (pseudointercondylar
notch sign). The cause is uncertain; however, many radiolo-
gists believe that it results from a combination of repetitive
trauma and tenuous blood supply [15]. Whereas an OCL
typically occurs in the older adolescent (11 to 15 years of age),
Panner disease usually happens in children between 5 to 12
years of age and is a form of avascular necrosis, similar to
Legg-Calves-Perthes in the femoral head [9].evealing focal subchondral lucency within the capitellum (arrow), worrisome
ing diffuse capitellar oedema (arrow).
Figure 10. Distal radius torus fracture in a 12-year-old boy. Anteroposterior (A) and lateral (B) radiographs of the wrist, revealing focal buckling along the
ventral aspect of the distal radial diaphysis (arrows). Ventral displacement of the pronator quadratus fat pad (arrowhead) on the lateral view, which indicates
soft-tissue swelling about the wrist, can be helpful in identifying subtle torus fractures.
106 M. M. Thapa et al. / Canadian Association of Radiologists Journal 64 (2013) 101e107Wrist
Evaluation of the wrist of young patients with few ossified
carpal bones can be challenging for radiologists who do not
commonly evaluate pediatric studies. The normal alignment,
position, and spacing of the carpals cannot be evaluated by
using the same techniques applied to the adult wrist. At our
institution, fortunately, injuries are rare in the unossified
carpal bones. The ossified portions of the wrist should be
carefully evaluated for normal alignment and presence of
fractures. If there is significant soft-tissue swelling, clinicalFigure 11. Gymnast wrist in a 9-year-old female gymnast. (A) An anteroposterio
physis and cortical irregularity of the abutting metaphysis (arrows). Note the rela
appearance of the radial physis in gymnast wrist is similar to that of the proxima
type I injuries caused by repetitive microtrauma. (B) The normal contralateral wr
distal radial and ulnar physes.or radiographic concern for malalignment, or fracture
through an unossified region, then ultrasound (if local
expertise is available) or MRI could be obtained for further
evaluation. In our experience, this is uncommon, and patients
are usually treated conservatively with immobilization if
a radiographically occult injury is suspected.
FOOSH is a common clinical presentation. FOOSH injuries
in the preadolescent years most commonly result in acute
buckle (torus) fractures (Figure 10) of the distal radius and/or
the ulna. These very common pediatric injuries are often
treated with 3 weeks of cast immobilization [16]. The fracturer radiograph of the affected right wrist, showing widening of the distal radial
tive widening of the radial physis compared with the distal ulnar physis. The
l humerus in Little Leaguer shoulder, because both are chronic Salter-Harris
ist in the same patient for comparison. Note the relatively equal widths of the
Figure 12. Scaphoid fractures. (A) An anteroposterior radiograph of the wrist in a 14-year-old boy, revealing a mildly displaced scaphoid waist fracture (arrow).
(B) Coronal computed tomography image, illustrating the same injury (arrow) to greater advantage. (C) Coronal T1-weighted image of a 16-year-old boy,
demonstrating a scaphoid waist fracture nonunion complicated by proximal pole osteonecrosis (arrow), seen as a uniform very low signal. There is mildly
hypointense marrow oedema within the distal pole of the scaphoid.
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particularly along the dorsal surface, is strongly advised.
Similar to Little Leaguer shoulder, chronic Salter Harris I
injuries can occur at the distal radial physis. This is
commonly known as the gymnast wrist (Figure 11). In the
literature, the gymnast wrist is sometimes applied to multiple
causes of wrist pain such as triangular fibrocartilage complex
injury, dorsal ganglion cyst, and tears of the scapholunate or
lunotriquetral ligament [17,18]. However, we believe that the
term gymnast wrist should be limited to chronic Salter Harris
I injuries to the distal radial physis. Radiographs demonstrate
asymmetric widening of the affected growth plate compared
with the ipsilateral ulna, with indistinctness of the meta-
physeal mineralization. MRI will also show the widened
physis with T2 prolongation on fluid-sensitive sequences in
the region of the widening.
FOOSH injuries to the adolescent athlete may result in
a scaphoid fracture (Figure 12). These fractures may be
impossible to detect on plain radiographs, and, if there is
high clinical suspicion, then the patient can be managed
conservatively with a splint. In high-performance athletes
and in other special cases, an MRI could be obtained, which
has a negative predictive value that approaches 100% when
normal [17,19]. As with adults, a potential complication of
scaphoid fractures is osteonecrosis of the proximal pole. The
necrotic segment is sclerotic on radiographs and demon-
strates low signal on all pulse sequences (Figure 12). MRI
may also detect other causes for the wrist pain, such as bone
contusions, which are invisible on radiographs.References
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